SUMMARY Two or more morphologically distinct ventricular tachycardias were observed during electrophysiologic study in 14 patients with chronic sustained ventricular tachycardia. Nine of these patients had clinical ventricular tachycardia with multiple morphologies. During the study 13 patients manifested both right bundle branch block (RBBB) and left bundle branch block (LBBB) morphologies. The remaining patient had RBBB with both right and left axis deviation. Changing morphologies were observed spontaneously in four patients and could be produced in all 14 by ventricular stimulation. In 12 patients both RBBB and LBBB originated in the left ventricle, and in 11 of these patients, from within a left ventricular aneurysm. Diastolic fragmented activity representing reentry was unchanged during both morphologies in four patients and during one morphology in five patients. Epicardial mapping confirmed the aneurysm as the site of origin of multiform ventricular tachycardias in two patients. Our data suggest that 1) ventricular tachycardia is frequently pleomorphic; 2) multiple morphologies usually represent variable exit sites and/or ventricular activation during the same tachycardia; and 3) there is a frequent association of pleomorphic ventricular tachycardia with left ventricular aneurysm.
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THE SITE OF ORIGIN of ventricular arrhythmias has usually been determined by electrocardiographic criteria. It has been assumed that a left ventricular site of origin produces right bundle branch block (RBBB) morphology, and right ventricular origin left bundle branch block (LBBB) morphology.15 Hence, multiple morphologies have been considered to represent multifocal origins of ventricular arrhythmias. However, recent experimental data using endocardial and epicardial mapping of ventricular tachycardias in the postinfarction canine model suggest that the ECG, and occasionally epicardial mapping, may not be adequate to localize a site of origin of ventricular tachycardia. 6 We recently described a technique for endocardial mapping of ventricular tachycardias; the results confirmed these animal studies.9 The demonstration that ventricular tachycardia with LBBB morphology may arise in the left ventricle was par-ticularly important. Recent experimental studies have shown that fragmented diastolic activity during such arrhythmias represents reentrant activity. [10] [11] [12] [13] [14] This study evaluates multiple distinct morphologies of ventricular tachycardia in patients to determine the relationship of morphological variations, site of origin and endocardial activation. The therapeutic implications (regarding surgery) of the electrophysiologic evaluation of these patients are discussed.
Methods and Materials
After giving informed consent, 26 patients with sustained ventricular tachycardia underwent electrophysiologic evaluation in the non-sedated, postabsorptive state. Although each patient had minor spontaneous or stimulation-induced changes in ventricular tachycardia morphology during the study, 14 patients had two or more morphologically distinct tachycardias characterized by a greater than 90°shift in frontal plane axis and/or a change of bundle branch block pattern. They included 11 of 13 patients with left ventricular aneurysms and three of 13 patients without aneurysms. Nine of these 14 patients had polymorphic ventricular tachycardia clinically. These 14 patients form the basis of this report ( Abbreviations: ASHD = atherosclerotic heart disease; ASMI = anteroseptal myocardial infarction; AVB = antrioventricular block; HCVD = hypertensive cardiovascular disease; IMI = inferior myocardial infarction; IVCD = intraventricular conduction defect; LAD = left axis duration; LBBB = left bundle branch block; LV-An = left ventricular aneurysm; MR = mitral regurgitation; NHD = no heart disease; RBBB = right bundle branch block; RHD = rheumatic heart disease; VPD = ventricular premature depolarization; VT = ventricular tachyeardia; CL = cycle length.
electrocardiographic leads. Signals ranged from 1-15 mV in amplitude and gains were adjusted to maintain 1-4-cm deflections.
In each case the tachycardias were initiated by ventricular, and in one case, atrial stimulation, which included incremental pacing and/or the introduction of progressively premature single and/or double extrastimuli according to previously described methods. '5 Stimulation was accomplished using a specially designed programmable stimulator and a constant current source (Bloom Associates Ltd, Narberth, Pennsylvania). The site of origin of the tachycardia or region of myocardium in which reentrant electrical activity was presumably located was defined by the earliest discrete local ventricular electrogram or fragmented diastolic activity, as previously described. 9' 10 Such fragmented activity has been considered to represent recording of reentrant activity,'0 14 and should be distinguished from discrete diastolic potentials recorded by epicardial mapping during surgery.", 17 A reentrant ventricular tachycardia should be preceded by prolonged diastolic fragmentation before the first complex and between subsequent complexes of the tachycardia.
In each case of diastolic fragmented activity, artifact was excluded by the demonstration of a temporal relationship of this activity to the tachycardia. A flat diastolic baseline was observed immediately before initiating and immediately after terminating the tachycardia. Furthermore, such activity was not noted during pacing unless the tachycardia was induced, suggesting catheter movement was not responsible for these potentials. Since the morphology of the initiated ventricular tachycardia was usually constant, it was only with this form that diastolic activity preceded the onset of the tachycardia. When the morphology changed either spontaneously or in response to stimula-tion, the relationship of the fragmented diastolic activity with the QRS varied. However, a presystolic component could be obtained during the second morphology with slight catheter manipulation.
The data were displayed on a multichannel oscilloscope (Electronics for Medicine, DR 16, White Plains, New York), stored on an eight-channel tape (Honeywell 5600), and later retrieved on photographic paper at speeds of 150-200 mm/sec. In two cases intraoperative activation mapping was performed using a hand-held bipolar probe with a 1-mm interelectrode distance according to previously reported methods.6 7 The data obtained during intraoperative mapping were compared with that obtained during endocardial catheter mapping before surgery.
Results
Thirteen of the 14 patients had both RBBB and LBBB morphologies during ventricular tachycardia (table 1). In the remaining patient (case 5), the tachycardia had a RBBB morphology with both left and right axis deviation (-75 and +135°, respectively). (11 of 14) endocardial mapping revealed that both RBBB and LBBB morphologies originated within the aneurysm as documented by earliest discrete electrogram or by the demonstration of diastolic and systolic activity.9 10 In cases 3 and 7, the different morphologies appeared to have different sites of origin, i.e., both left and right ventricles ( fig. 5 ). We could not perform extensive mapping of both ventricles, however, during both morphological forms. However, no fragmented diastolic activity was observed during either morphology in either patient. Neither of these patients had coronary artery disease. In the remaining patient without an aneurysm the site of origin of both morphologies was in the left ventricle.
Electrical activity at the site of origin associated with one tachycardia morphology was analyzed during changes in morphology. In 
Changes in Cycle Length
The effect of changes in morphology on the cycle length of ventricular tachycardia was variable (table  1) . The cycle lengths remained unchanged or varied by as much as 170 msec without apparent change in the site of origin. Changes of cycle length in the patients in whom both morphologies appeared to arise from the left ventricle was no greater or less than variations in cycle lengths in the two patients who had tachycardias of apparently multifocal origin.
Intraoperative Studies
In two patients (cases 1 tricular aneurysm was demonstrated as the site of origin by preoperative endocardial mapping, we performed open heart surgery with aneurysmectomy in an attempt to ablate the tachycardia. In both patients, extensive epicardial mapping revealed early breakthrough of all morphologically distinct forms along the border of the aneurysm ( fig. 7) . In both cases the LBBB form of the tachycardia originated from the area of the aneurysm which incorporated the intraventricular septum, while the RBBB morphology originated either along the free wall or septal edge of the aneurysm. Discussion Ventricular depolarizations or sustained ventricular tachycardia originating in the left ventricle have been considered of RBBB morphology and those in the right ventricle have been considered of LBBB morphology.'-5, 18 A corollary of this assumption is that in a patient with both right and left bundle branch block morphologic types of ventricular tachycardia, the tachycardias originate from two foci. Observations in experimental ventricular tachycardia suggest, however, that the QRS morphology is merely a reflection of the epicardial activation pattern and cannot be assumed to define accurately the site of origin of the tachycardia.6 8 In addition, using endocardial catheter mapping we have demonstrated that in seven of 11 patients with sustained ventricular tachycardia with LBBB morphology, the site of origin was either in the left ventricle or septum. the reentrant circuit is recorded due to catheter posiing exit sites. This is schematically shown in figure 8 . tion relative to the spatial and geometric arrangement If part of the reentrant circuit is recorded, the constanof the reentrant circuit, this activity may be recorded cy of the interelectrogram intervals during changes in early or late in the cardiac cycle, depending on morphology suggests that the same reentrant circuit is changes in ventricular activation resulting from varyresponsible for both morphological forms. In each patient in whom "reentrant" activity was recorded in different parts of the cardiac cycle during different morphologies, similar fragmented activity could be recorded before the QRS with slight movement of the catheter within the circumscribed area of reentry, e.g., the aneurysm. Thus, defining reentrant activity localizes the area of origin of the tachycardia regardless of changes in timing relative to morphologic changes.
Mechanisms of Pleomorphic Forms
Our study demonstrates that recurrent sustained ventricular tachycardia is frequently pleomorphicin 14 of 26 of our patients. A left ventricular aneurysm was the source of the pleomorphic tachycardias in 11 of these 14 patients. The observation that spontaneous alterations in the QRS could occur without change in the underlying activity within the aneurysm suggests that changes in QRS morphology represent changing exit sites from the reentrant circuit, rather than changes in the site of origin, and that ventricular activation from each of these exit sites produces different morphological patterns. This hypothesis is also supported by observations that 1) multiple morphologies can be produced by extrastimuli in the presence of unchanged continuous electrical activity, 2) during epicardial mapping different epicardial exit sites produce different morphologies, and 3) exit block at the border of the aneurysm at the left ventricular free wall has previously been demonstrated to be a mechanism for shift from right-to-left bundle branch block morphology.9 Since all aneurysms were left ventricular and involved the septum, the development of a LBBB pattern was probably the result of preferential left-to-right transseptal activation due to early exit along the septal border of the aneurysm. The fact that left ventricular aneurysmectomy has cured ventricular tachycardia with a LBBB pattern supports this concept. [19] [20] [21] [22] If the impulse can exit the aneurysm from multiple, sites, ventricular activation and the morphology of the resulting QRS will not only depend on the exit site but will additionally be influenced by the pathological state of the myocardium.
We and others'0 15, [22] [23] [24] [25] have suggested that the mechanism of sustained ventricular tachycardia is reentry. The ability to change QRS morphologies appears to be unrelated to the underlying mechanism but is related to spontaneous or electrically induced changes in the patterns of ventricular activation. Therefore, changing morphologies cannot be diagnostic for any mechanism.
Clinical Significance of Pleomorphic Ventricular Tachycardia Some investigators have stated that ventricular tachyarrhythmias with a LBBB morphology occur most commonly in the absence of organic heart disease, while those with RBBB morphology are more often associated with significant heart disease. 3-5, 18, 16 dogs after surgical excision of the sinoatrial node and a large section of the crista terminalis. An unstable ectopic atrial rhythm appeared within the first week after surgery in 94% of the dogs. The pacemaker instability was characterized by spontaneous pacemaker shifts and periodic episodes of asystole which were prominent for several months after surgery in most of the dogs. In contrast to sinus arrhythmia observed before surgery, the ectopic atrial arrhythmias were not related to the respiratory cycle. The prompt disappearance of the asystoles after atropine or during treadmill exercise indicated the essential role of the vagus in producing the unstable rhythms. Atropine increased the average rate of the ectopic rhythms from 63 ± 3 beats/min to 107 ± 9 beats/min (p < 0.001) and shortened the corrected recovery time (CRT) following overdrive pacing from 3.8 ± 0.3 seconds to 1.9 ± 0.6 seconds (p < 0.001). Propranolol, in the absence of atropine, decreased the spontaneous heart rate from 56 ± 5 beats/min to 39 ± 6 beats/min (p < 0.01), and increased the CRT to 6.5 ± 2 seconds (p < 0.001) when administered after atropine. The data suggest that unstable ectopic atrial pacemakers could be responsible for some of the arrhythmias associated with the sick sinus syndrome in man.
THE PRODUCTION OF A STABLE junctional rhythm (JR) or ectopic atrial rhythm (EAR) after the removal or suppression of the sinoatrial node (SAN) in acute animal experiments has long been recognized.' However, little is known about the stability of supraventricular subsidiary pacemakers in chronic SAN dysfunction. Depression of automaticity in escape pacemakers has been implicated in the production of arrhythmias associated with the sick sinus syndrome in man.5' I Early experimental studies by Borman and Meek showed that atrial pauses were common for several days after experimental destruction of the SAN by implantation of radon seeds.7 In more recent experiments, surgical exclusion of the SAN from the remainder of the right atrium resulted in a transitory period of pacemaker instability after the animals recovered from anesthesia. The instability
